We have carried out near-infrared polarimetry toward the boundary of the Central Molecular Zone, in the field of (−1.
Introduction
As the nearest galactic nucleus, our Galactic Center (GC) provides us with an opportunity to study in detail star formation processes in the extreme conditions at the centers of galaxies. The inner few hundred pc of the GC, known as the Central Molecular Zone (CMZ), contains several 10 7 M ⊙ of molecular gas (Pierce-Price et al. 2000; Ferrière et al. 2007; Longmore et al. 2012) , and hosts several prominent star forming regions (e.g., Sgr A, Sgr B2, and Sgr C). Recent spectroscopic surveys toward nearby galaxies reveal the presence of molecular gas and signs of the star formation in their center (Mazzalay et al. 2013) . Studies of the CMZ are interesting not only for insight into our own Milky Way galaxy, but also because they can potentially provide a template to general galactic centers.
The CMZ is characterized to be different from the Galactic disk in several ways, such as its chemistry (e.g., Oka et al. 2005) , strong turbulence (e.g., , high temperature (e.g., Immer et al. 2012 ) and density of gas (e.g., Nagai et al. 2007) , and strong magnetic field (e.g., Crocker et al. 2010) . These conditions may lead to abnormal star formation like top-heavy initial mass function (IMF; e.g., , and phenomena associeated with it like CH 3 OH and H 2 O masers (e.g., Chambers et al. 2013) . To study the star formation activity and its history in the whole CMZ, Figer et al. (2004) have constructed dereddened luminosity functions in the m F205W filter in the range of b = −0.
• 15-0.
• 3 using Hubble Space Telescope/ Near-Infrared Camera and Multiobject Spectrometer. Comparing these luminosity functions to stellar evolution models, they have concluded continuous star formation at a rate of ∼ 0.14 M ⊙ /yr for the entire CMZ with its radius of ∼200 pc. This value is consistent with the recent star formation activity that produced the three massive young clusters in the central 50 pc (the Quintuplet cluster, the Arches cluster, and the central cluster).
In order to gain insight into the nature of star formation in the CMZ, Yusef-Zadeh et al. (2009) have searched for young stellar objects (YSOs). They have carried out multi-color photometric observations with the Spitzer Space Telescope, and have found a few hundred YSO candidates in the region covering −10 ′ < b < 10 ′ and −1.
• 4 < l < 1.
• 4. The 60 percent of the YSO candidates are classified as Stage I with the age of ∼ 0.1 Myr, and their spatial distribution is not localized but rather uniform. This means that the star formation occurred in the extended region of the CMZ ∼ 0.1 Myr ago. Yusef-Zadeh et al. (2009) have also examined the star formation history of the CMZ with other signs of star formation like 4.5µm object and 24 µm flux. They have shown that the star formation history of the CMZ is intermittent, and this is partially confirmed by the study of Matsunaga et al. (2011) . Matsunaga et al. (2011) have shown that the star formation rates for the entire CMZ are 0.075 M ⊙ /yr at 25 Myr ago and <0.02 M ⊙ /yr at 50 Myr ago, using the existence of three classical Cepheid variable stars (see Figure 3 in Matsunaga et al. 2011 ). Further observations can improve our understanding for the process of the star formation in the CMZ.
In this study, we carried out a YSO search toward the boundary of the CMZ ((l, b) ≃ (−1
• , 0 • ) and (2 • , 0 • )) by linear polarimetric observations. Some of YSOs are intrinsically polarized due to the scattering of the stellar light by dust grains in their circumstellar disk and nonspherical envelope. The usefulness of this polarimetric approach for YSO identifications are confirmed by model calculations (Whitney & Hartmann 1992) and observations (Tamura & Sato 1989; Tamura & Fukagawa 2005; Yudin 2000; Pereyra et al. 2009 ). We select intrinsically polarized stars as YSO candidates. After that, we check their color to confirm whether they are genuine YSOs or not, because YSOs have infrared excess due to re-emission from dust grains in their circumstellar disk and envelope. Using these two kinds of information, we can select better candidates for YSOs.
Observations and data reduction

Observations with IRSF
We conducted near-infrared (NIR) polarimetric observations of the CMZ with the SIR-POL camera. SIRPOL consists of a single-beam polarimeter (a half-wave plate rotator unit and a fixed wire-grid polarizer; Kandori et al. 2006 ) and the NIR imaging camera SIRIUS (Simultaneous Infrared Imager for Unbiased Survey; Nagashima et al. 1999; Nagayama et al. 2003) , and is attached to the 1.4 m telescope IRSF (Infrared Survey Facility). The camera is equipped with three 1024 pixel×1024 pixel HAWAII arrays. This enables simultaneous observations in the J (central wavelength λ J = 1.25 µm), H (λ H = 1.63 µm), and K S (λ K S = 2.14 µm) bands by splitting the beam into the three wavelengths with two dichroic mirrors. The image scale of the arrays is 0.
′′ 45 pixel −1 , yielding a field of view of 460 ′′ × 460 ′′ .
From 2010 to 2012, we observed 35 fields toward the boundary of the CMZ (Figures 1,  2, 3 ). The centers of the fields were set at intervals of 400 ′′ along with the Galactic longitude. We obtained 10 dithered frames on a circle with a radius of 20 ′′ , yielding an effective field of 420
′′ . We performed 10 s exposures at four wave plate angles (0 • , 45 • , 22.
• 5, and 67.
• 5), resulting in a total exposure of 100 s per wave plate angle for each field. We repeated the same observations more than nine times for each field. Although our observations were carried out on photometric nights, seeing depends on sky conditions. The range of the seeing is 1.
Data reduction
We apply the standard procedures of NIR array image reduction, including dark-current subtraction, flat-fielding, self-sky subtraction, and frame combination using the IRAF 1 software package. First, we find stars and do photometry with tasks daofind and phot in each image. For polarimetry, we use stars whose positions are matched within one pixel (= 0.
′′ 45) among the images at the four wave plate angles. Then intensities in the four images are used to calculate the Stokes parameters I, Q, U, the degree of polarization P , and its position angle θ using the following equations: I = (I 0 + I 45 + I 22.5 + I 67.5 )/2, Q = I 0 − I 45 , U = I 22.5 − I 67.5 , P = (Q/I) 2 + (U/I) 2 , and θ = 1 2 arctan(U/Q), where I x is the intensity with the half wave plate oriented at x deg.
Photometry of point sources is performed using the DAOPHOT package in IRAF. We compare aperture photometry with PSF fitting photometry by calculating P for duplicate sources in overlapping regions of adjacent fields observed under different observing conditions. Aperture photometry gives a better result than PSF fitting photometry which shows systematic offsets. We adopt the aperture size of 1.0×FWHM. We do the photometry with aperture sizes of 1.0, 1.5, and 2.0 times of stellar FWHM, and the standard deviations of P are smallest when the aperture size was 1.0×FWHM. The offsets of P of duplicate sources are consistent with the standard deviations of P calculated with 1.0×FWHM-aperture photometry.
Since we observed each field more than nine times, we calculate the weighted averages and standard deviations of I, Q, and U of each star in all 100 s-exposure images, where we use [1/(error calculated by task phot in IRAF)] 2 as the weights. When we take the average, we select the nearest source in other observation images as a matched source, and if we do not find any source in a radius of three pixel (= 1.
′′ 4), we regard it as non detection. We remove the bias of P with the equation P db = P 2 − (δP ) 2 (Wardle & Kronberg 1974) , where P db is the debiased degree of polarization and δP is the photometric error of P . When we refer to P , we do not use sources with P obs ≤ δP .
All the data are calibrated for the polarization efficiency of the wave plate and polarizer (95.5 %, 96.3 %, and 98.5 % in the J, H, and K S bands; see Kandori et al. 2006) . For photometric calibration, we use the 2MASS Point Source Catalog (Cutri et al. 2003) in the magnitude ranges of 10.5-12.5 mag in the J band and 9.5-11.5 mag in the H and K S bands, in each field.
For extracting high-quality data, we first check contamination of flux from surrounding sources. We identify sources within 10 pixel (= 4.
′′ 5) from a source, and calculate the sum of contamination flux from the surrounding sources at the peak of the source, assuming Gaussian PSF with an FWHM of three pixel (= 1.
′′ 4). When the sum of the contamination flux exceeds one percent of the peak flux of the source, we remove this source from the list. Second, we remove sources around bright and saturated sources to avoid strong contamination of their halo component. We obtain positions of bright (K S < 7 mag) sources from the 2MASS Point Source Catalog. We checked the size of the halo of the bright sources by eye, and determine a circle region in which stars will not be used in the following analysis. Third, we count how many times IRAF can detect the sources from the (more than nine) 100 s-exposure images in each field. When we find stars with daofind, we set the detection threshold as five times larger than the deviation of local background. Since our data are obtained under various sky conditions, some low-quality sources, which are faint or not separated well from adjacent sources, are not detected by IRAF tasks. We regard the sources detected more than seven times in observations in the K S band as good-quality sources.
The completeness of good-quality sources are examined using the UKIDSS GPS point sources 2 (Lucas et al. 2008 ) on the assumption that UKIDSS GPS completeness is nearly 100 % at < 15 mag. As shown in Figure 4 , the completeness is ∼ 90 % and ∼ 75 % in the range of K S < 13.5 mag and K S < 14.5 mag, respectively. Also, the average of δP in the range of K S = 13.5-14.5 mag is < 1 % ( Figure 5 ). We thus exclude sources fainter than 14.5 mag, and finally use 137123 sources in our analysis below.
Search for YSOs with polarization and color
Removal of foreground stars
First of all, we have to remove foreground sources. A color-magnitude diagram is useful to achieve this purpose. In our observations, due to the strong interstellar extinction toward the CMZ, only ∼ 50 % and ∼ 10 % of sources detected in the K S band are detected in the H and the J bands, respectively. Therefore we also use the data of H-and J-band magnitudes from UKIDSS GPS data (Lucas et al. 2008) , and merge them with a matching radius of 1 ′′ . Since we are able to complement most of the data of the H-band magnitude this way, but very few of those of the J-band magnitude, we remove foreground sources using H and K S color-magnitude diagrams.
To draw the color-magnitude diagrams, we divide our observational fields into 28 main regions and 7 sub regions (see the caption of Figures 1, 2 ). Since the amount of interstellar extinction toward the CMZ varies in space, this procedure is necessary. The Galactic latitude of the main fields and the sub fields are −0.
• 1 < b < 0.
• 1 and b > 0.
• 1. The Galactic longitude of the centers of both fields are separated in 0.
• 11. Note that the sizes of the main fields and the sub fields are different. We then draw the color-magnitude diagram of each region. The color-magnitude diagrams show two separated components ( Figure 6 ). Since there is less interstellar medium between foreground sources and us, they show bluer color than the sources located in the CMZ. The arrow at the lower left in Figure 6 is the reddening vector in the H and K S color-magnitude diagram (Nishiyama et al. 2006 ). Dwarfs and giants in the CMZ are strongly reddened along this vector, and they are thus located in the redder part. We define the boundary of the two components by eye for each region, and remove the foreground sources. 22770 sources are classified as foreground sources with the colormagnitude diagrams in our observational fields, and we treat the remaining 114353 sources as sources located in the CMZ (hereafter the CMZ sources). Note that sources detected only in the K S band are included in the CMZ sources, because they are not detected in the H band probably due to strong extinction toward the sources.
Selection of distinctive polarized sources
We use a Q/I − U/I plane to select YSO candidates, because some of YSOs are intrinsically polarized and show distinctive polarization. Their positions in the Q/I − U/I plane are apart from those of other sources which are intrinsically unpolarized but show polarization due to interstellar polarization. We aim to extract distinctive polarized sources from the CMZ sources for YSO candidates with the Q/I − U/I plane.
First, we draw a Q/I − U/I plane for the CMZ sources in each region (Figure 7) . In Figure 7 , the vast majority of sources are concentrated in a well defined region, detached from the origin. This detachment reflects interstellar polarization of the region, which originates from the dichroic extinction by aligned dust grains along the line of sight. The spread of the concentrated sources in the Q/I − U/I plane is estimated by fitting with Gaussian functions (Figure 8 ). The spread can be attributed to both uncertainties in measurement and real variation of interstellar polarization within the region. In the Q/I − U/I plane, a number of sources deviate by amounts not explained by the errors and the variation in interstellar polarization (green and red plots), and we classify these sources as candidates of distinctive polarized source. In selecting them, we calculated the quadratic sum σ of the polarimetric error of each source and the standard deviation of the Gaussian fitting. Green and red plots are apart from the peak of Q/I and U/I by more than 5 σ and 3-5 σ, respectively. In our observational fields, we find 146 "5 σ" sources (green plots) and 1797 "3-5 σ" sources (red plots).
Second, to improve reliability, we draw another Q/I − U/I plane for the 1000 nearest sources around each 5 σ source, namely, we draw 146 Q/I −U/I planes. With this procedure, we can estimate more localized interstellar polarization for the 146 sources. We then find that, 112 sources are apart from the peak of Q/I and U/I by more than 5 σ again, and the other 34 sources are by 3-5 σ. We define these 112 sources as distinctive polarized sources (see Table 1 ). In contrast, we call the other 34 sources and 1797 sources, which are selected from the Q/I − U/I plane for each region by 3-5 σ, possible distinctive polarized sources. Figure 9 shows the spatial distributions of the (possible) distinctive polarized sources. There are some "clumps" of (possible) distinctive polarized sources, and they are associated with dark clouds in the K S -band images (Figure 10 ). Figure 11 shows the fraction of the (possible) distinctive polarized sources along the Galactic longitude. The fraction of each region is calculated by dividing the number of the (possible) distinctive polarized sources by that of the CMZ sources. As evident in the map of molecular gas (e.g., , the longitude range of the CMZ is −1
• < l < 2
• . There seems to be a rapid decline of the possible distinctive polarized sources at ≃ 1.
• 8 and at ≃ −0.
• 8 in Figure 11 , although a few points outside the CMZ show larger fractions. The number of them also decreased in l > 1.
• 8. These longitude points of larger fractions correspond to the "clumps" associated with dark clouds. For the distinctive polarized sources, we cannot find such a trend due to their small number.
Mid-infrared color and SED fitting
To examine the properties of the distinctive polarized sources, especially, to judge whether they are YSOs or not, mid-infrared observations are effective. YSOs often exhibit infrared excesses due to thermal emission from the circumstellar disks and/or envelopes (e.g., Whitney et al. 2003a; Allen et al. 2004 ). The Spitzer Space Telescope has surveyed the GC with the Infrared Array Camera (IRAC) and Multiband Imaging Photometer for Spitzer (MIPS). We obtain the data of point sources at 3.6 µm, 4.5 µm, 5.8 µm, 8.0 µm (Ramírez et al. 2008) , and 24 µm (Hinz et al. 2009 ) from the archive, and we merge the mid-infrared data with our data matching within radii of 1 ′′ for 3.6 µm, 4.5 µm, 5.8 µm, and 8.0 µm, and 3 ′′ for 24 µm.
We Figure 12 , and compare with the YSO models in Allen et al. (2004) . Out of the 112 distinctive polarized sources, we can plot 49 sources in the color-color diagram. Table  2 exhibits the results of matching between our data and Spitzer data. Five of them are classified as class I YSOs and three of them are class II YSOs. The remaining sources are located in the region of reddened class III YSOs/normal stars.
We also draw SEDs of the distinctive polarized sources. The SEDs of the sources are analyzed by comparing with a set of SEDs produced by a large grid of YSO models (Robitaille et al. 2006; Whitney et al. 2003a,b) . We use a linear regression fitter (Robitaille et al. 2007 ) to find all SEDs from the grid of models that are fit within a specified χ 2 range to the data ( Figure 13 ). In the fitting processes, we set 20 % -magnitude errors for all bands to account for variability between the IRSF, UKIDSS GPS, IRAC, and MIPS observation dates. In this SED fitting procedure, at least three-band data are necessary. Under the assumption of the distance to the sources of 8.5 kpc and the interstellar extinction of A V = 15-50 mag, 75 out of the 112 distinctive polarized sources can be fit well with the models. Out of the 75 sources, eight sources need disk and/or envelope components to fit their SEDs with the models. Six of the eight sources are also classified as class I or II YSOs in the color-color diagram (Figure 12 ). We cannot plot the remaining two sources in the color-color diagram. The other 67 of 75 sources, for which we carry out SED fitting, can be fit with an only reddened photosphere component.
From the color-color diagram and SED fitting, we find 10 YSO candidates, which show both distinctive polarization in the Q/I − U/I plane and infrared excess in the color-color diagram and/or SED fitting. We show their properties in Table 3 and Appendix. However, most of the distinctive polarized sources can be explained as a normal star with strong interstellar extinction. We discuss in detail the distinctive polarization which does not seem to come from circumstellar disk/envelope in terms of color information.
The characteristics of distinctive polarized sources
Considering color information, we have found 10 YSO candidates from the distinctive polarized sources. However, the SEDs and colors of many other distinctive polarized sources are better explained without disk/envelope components, and the others have no color information. To know better the characteristics of the distinctive polarized sources, we examine their intrinsic polarization and how their distinctive polarization is produced.
Estimates of intrinsic polarization
In Figure 12 , several sources show more than 100 mag extinction in the V band. This value is much higher than the average of the extinction toward the GC (A V = 30-50 mag), and their distinctive polarization can come from localized interstellar polarization in dark clouds (see Figure 10) . If the distinctive polarized sources suffer strong polarization in general interstellar medium rather than localized polarization, they show larger degrees of polarization with similar polarization angles to the typical angle of interstellar polarization.
We estimate intrinsic polarization of the distinctive polarized sources and draw the histograms in Figure 14 . To estimate the intrinsic polarization, we have calculated the mean interstellar polarization for the nearest 1000 stars around each distinctive polarized source, and subtract the mean interstellar polarization from the observed polarization of each distinctive polarized source as stated in section 3.2. Some of their intrinsic polarization angles are not consistent with a typical polarization angle (∼ 20
• ) of interstellar polarization toward the CMZ (Figure 15 ). This means that a part of the distinctive polarization are not explained by the stronger interstellar polarization only. The different polarization angles would imply that a region of greater extinction like a dark cloud where the direction of dust alignment and magnetic fields are different from that of the CMZ, contributes to the polarization.
Polarization of surrounding stars of each distinctive polarized sources
To examine the nature of the distinctive polarized sources, we check how different their polarization are from the adjacent stars. Figure 16 is the example of difference of polarization between three of distinctive polarized sources and their surroundings. The vertical axis represents the "distance" between a distinctive polarized source and the mean position of surrounding sources in the Q/I − U/I plane.
The "distance" is calculated by ((Q/I) pol − < Q/I > sur ) 2 + ((U/I) pol − < U/I > sur ) 2 , where (Q/I) pol and (U/I) pol are those of the distinctive polarized source, and < Q/I > sur and < U/I > sur are the averages of Q/I and U/I of the surrounding sources. The horizontal axis represents the number of the nearest surrounding sources n, which we use to calculate the average of polarization. Drawing these figures for the 112 distinctive polarized sources, we find two kinds of behavior in the polarization of surrounding sources. One shows no or little variation in the polarization as the number of the surrounding sources decreases (type (a), shown in the left panel of Figure 16 ). The other shows great variation (type (c), shown in the right panel of Figure 16 ). 63 distinctive polarized sources are classified as type (a), and 30 as type (c), and the other 19 show intermediate characters of these two types (type (b), shown in the middle panel of Figure 16 ). The distinctive polarized sources classified as type (a) have very different polarization from their surrounding sources. Their polarization is different from the average of polarization of even surrounding five stars.
Of the sources classified as YSO candidates with mid-infrared color or SED fitting, only one is classified as type (b) and the others are all type (a). Therefore the YSO candidates clearly show different polarization from their adjacent sources.
In the last section, we have also found that many distinctive polarized sources are not YSO candidates, but normal stars strongly reddened by interstellar medium like dark clouds. For the distinctive polarized sources of type (a), dark clouds with a size of ∼ 11 ′′ -16 ′′ are necessary to explain the distinctive polarization. This size is estimated by calculating the distances between the distinctive polarized sources and the surrounding five to ten sources. Assuming that these dark clouds are in the CMZ with a distance of 8 kpc, the physical size of such dark clouds is 0.44-0.64 pc. This size is equivalent to that of a single molecular cloud (e.g., Heyer & Brunt 2004) . We suggest that we may be observing individual molecular clouds in the CMZ through the distinctive polarized sources of type (a) and (b). Another possibility is that some distinctive polarized sources are very luminous stars and behind the CMZ, and thus they suffer from stronger interstellar reddening and polarization.
H − K S color difference
We also check if the H − K S color of the distinctive polarized sources are differenct from the surrounding sources. Figure 17 exhibits the difference of observed H − K S color between a distinctive polarized source and its surrounding sources. Although we use the 1000 nearest surrounding sources, some of them are not detected in the H band, and we remove them from the histogram. The horizontal axis represents (H − K S ) pol − (H − K S ) sur , where (H − K S ) pol is the H − K S color of the distinctive polarized source and (H − K S ) sur is the H − K S color of the surrounding sources, and a positive value means a redder color of the distinctive polarized sources than the surrounding sources. Out of the 112 distinctive polarized sources, eight sources have similar colors (the difference is -0.5 to 0.5) to that of the surrounding sources, and other 80 sources have redder colors. The other 24 distinctive polarized sources are not detected in the H band. We calculate the averages and the standard deviations of (H − K S ) pol − (H − K S ) sur using 1000 surrounding sources. The results are 1.64 ± 0.84, 1.98 ± 0.84, and 1.51 ± 0.87 for the type (a), (b), and (c) in Figure 16 , respectively. Thus, the distinctive polarized sources are generally redder than the surrounding sources in any types. For the sources classified as YSO candidates with mid-infrared color or SED fitting, one of them has no H band data (#12), two of them have similar color (#13 and #23), and the average of the others is 1.88 ± 0.37. We do not find any trend in the types (a)-(c) or whether they are classified as YSO candidates.
Polarization of YSO candidates in the literature
In the CMZ, Yusef-Zadeh et al. (2009) The small rate of large polarization in Yusef-Zadeh sources is still surprising. The left panel of Figure 14 exhibits the degree of intrinsic polarization of the distinctive polarized sources, which indicates that P int > 3 % sources are identified as the distinctive polarized sources in our analysis. Yudin (2000) have shown that out of 13 Herbig Ae/Be stars whose intrinsic polarization he found in the literature, three have P int > 3 % in the V or R band (see Table 3 in Yudin 2000) . Moreover, Pereyra et al. (2009) have shown that for the degree of intrinsic polarization in the H band, one of seven Herbig Ae/Be stars exceeds 3 %. These results suggest that ∼ 10-20 % of Herbig Ae/Be stars show P int > 3 %. Although the statistics of NIR polarimetry for YSOs needs to be improved, such a solid detection rate is not consistent with the low detection rate of polarization of > 3 % in Yusef-Zadeh sources. This inconsistency may come from the selection bias of Yusef-Zadeh sources, which are red in the color of [8]-[24] . More accurate observations and analysis can probably detect the intrinsic polarization of YSOs.
Summary
In this paper, we have studied the intrinsic polarization of bright (K S < 14.5 mag) infrared sources toward the outer part of CMZ. We have selected 112 distinctive polarized sources, but only ten of them are good YSO candidates when we use color-color diagrams and SED fits of mid-infrared photometry with the Spitzer Space Telescope. Furthermore, the YSO candidates in Yusef-Zadeh et al. (2009) have in general only small intrinsic polarization. Therefore, near-infrared polarimetry might not be very efficient in identifying YSOs near the CMZ, but the selected YSO candidates and several other distinctive polarized sources are good targets of further detailed studies.
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• 26 ≥ l. (1996) . The range of our observational fields are from the high-density region in the CMZ to the outside of the CMZ. Fig. 4 .-K S -band luminosity functions for the good-quality sources (black) and UKIDSS GPS data (red). We use a region (−0.
• 9 < l < −0.
• 7, −0.
• 1 < b < −0 • ) with no remarkable dark clouds. The completeness is ∼ 90 % and ∼ 75 % in the range of K S < 13.5 mag and K S < 14.5 mag, respectively. • 22, 0.
• 0). The positions of foreground dwarfs and GC giants are roughly represented by red ellipses. The arrow at the lower left is the reddening vector toward the GC (Nishiyama et al. 2006) . For this region, we treat the sources with H − K S > 1.1 as the CMZ sources. Fig. 7 .-Q/I − U/I plane of one main region centered at (1.
• 22, 0.
• 0). The contour is drawn using all good-quality sources in this region (2957 sources) . Red data points are sources which are far from the peak of contours by 3-5 σ, and green data points are sources which are by 5 σ, where σ is the quadratic sum of the polarimetric error of each source and the standard deviation determined by Gaussian fitting (Figure 8) . • 22, 0.
• 0). Black solid curves are the results of the Gaussian fitting for the histograms. The standard deviations of these Gaussian functions are used to select distinctive polarized sources in calculating σ. Fig. 9 .-Spatial distributions of distinctive polarized sources (green), possible distinctive polarized sources (red), and the YSO candidates selected by Yusef-Zadeh et al. (2009, blue) . We can see some "clumps" of (possible) distinctive polarized sources, and they reflect the existence of dark clouds. . There seems to be a rapid decline of distinctive possible polarized sources at ≃ 2
• . The excess of the ratio in the outside of the CMZ comes from some "clumps" (see Figure 9) . • ), respectively. To calculate the intrinsic polarization, we estimate interstellar polarization from 1000 stars around a distinctive polarized source, and subtract the interstellar polarization from observed polarization of the distinctive polarized source. • 0 along the Galactic longitude. Upper panel is the degree of polarization, and lower panel is the polarization angle. The averages of them are in good agreement with Hatano et al. (2013) . There seems to be a variation in the degree of polarization. Fig. 16 .-Difference of polarization between the distinctive polarized sources and surrounding sources. The vertical axis represents the "distance" in the Q/I − U/I plane between one of the distinctive polarized source and the surrounding sources. The "distance" is calculated by ((Q/I) pol − < Q/I > sur ) 2 + ((U/I) pol − < U/I > sur ) 2 , where (Q/I) pol and (U/I) pol are those of the distinctive polarized source, and < Q/I > sur and < U/I > sur are the averages of Q/I and U/I of the surrounding sources. The horizontal axis represents the number of the nearest surrounding sources n, which we use to calculate the average of polarization. In panel (a) (#81), the average of polarization of the surrounding sources does not change as the number n decreases. In panel (c) (#88), the "distance" in the Q/I −U/I plane decreases to 0 as the number n decreases. Panel (b) (#86) shows the middle character of these two panels. For 112 distinctive polarized sources, 63, 19, and 30 sources are classified as the type (a), (b), and (c), respectively. Fig. 17 .-Histogram of difference of H − K S color between one of the distinctive polarized sources (#1) and surrounding sources. The horizontal axis represents (H − K S ) pol − (H − K S ) sur , where (H − K S ) pol is the H − K S color of the distinctive polarized source and (H−K S ) sur is the H−K S colors of the surrounding sources. In this histogram, a positive value indicates that the distinctive polarized source has redder color than those of the surrounding sources. Out of the 112 distinctive polarized sources, we obtain the H − K S color of 81 sources. Eleven of them have a similar color (the difference is -0.5 to 0.5) to those of the surrounding sources, and the others have redder colors. a The number of the distinctive polarized sources matched with Spitzer data, and the fraction of the matched sources out of the 112 distinctive polarized sources. 
